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Measuring the rotation of core-collapse supernovae (SN) and of their progenitor stars is extremely
challenging. Here it is demonstrated that neutrinos may potentially be employed as stellar gyro-
scopes, if phases of activity by the standing accretion-shock instability (SASI) affect the neutrino
emission prior to the onset of the SN explosion. This is shown by comparing the neutrino emission
properties of self-consistent, three-dimensional (3D) SN simulations of a 15M progenitor without
rotation as well as slow and fast rotation compatible with observational constraints. The explosion
of the fast rotating model gives rise to long-lasting, massive polar accretion downflows with stochas-
tic time-variability, detectable e.g. by the IceCube Neutrino Observatory for any observer direction.
While spectrograms of the neutrino event rate of non-rotating SNe feature a well-known sharp peak
due to SASI for observers located in the proximity of the SASI plane, the corresponding spectro-
grams of rotating models show activity over a wide range of frequencies, most notably above 200
Hz for rapid rotation. In addition, the Fourier power spectra of the event rate for rotating models
exhibit a SASI peak with lower power than in non-rotating models. The spectra for the rotating
models also show secondary peaks at higher frequencies with greater relative heights compared to
the main SASI peak than for non-rotating cases. These rotational imprints will be detectable for
SNe at 10 kpc or closer.
I. INTRODUCTION
The influence of angular momentum on the mecha-
nism of core-collapse supernovae (SNe) is a subject of
vivid debate [1, 2]. Calculations following the evolution
of rotating massive stars from the zero-age main sequence
until the onset of iron-core collapse showed that rotation
changes the stellar structure and is tightly coupled to the
magnetic-field evolution [3]. The presence of significant
angular momentum during stellar core collapse can am-
plify the magnetic field and can thus influence the SN
explosion mechanism, the pulsar spin period [4], and the
nucleosynthesis of heavy elements [5]. However, aster-
oseismological measurements of the interior rotation of
low-mass stars suggest core rotation that is slower than
predicted by stellar evolution theory [6].
With the recent advent of modern 3D SN modeling
with energy-dependent neutrino transport [7], first self-
consistent simulations, partly with successful explosions,
have become available [7–20]. Besides progenitor per-
turbations [18, 21] and previously missing microphysics
[12, 22], rotation was found to facilitate explosions by
spiral-SASI and triaxial instabilities [10, 17, 23]. Ro-
tation is a key requisite also for the magnetorotational
mechanism, where magnetic fields are amplified to dy-
namically relevant strengths due to extremely high spin
rates [24–27]. This, however, is at odds with our present
theoretical expectation for the far majority of ordinary
SNe [3, 4] and with asteroseismological constraints [4, 6].
Neutrinos and gravitational waves are produced deep
in the SN core [1, 2, 28] and can thus be unique heralds of
the core rotation. Neutrinos are the key ingredient in the
delayed neutrino-driven explosion mechanism [29], and
their detection can provide crucial insights on the blast-
wave dynamics. Just before the explosion, during the
accretion phase, the neutrino signal carries characteristic
quasi-periodic time modulations [9, 30–34] caused by the
standing accretion shock instability (SASI) [35, 36], repli-
cating the sloshing of the stalled shock wave as it acquires
energy. The first self-consistent SN simulations of non-
rotating progenitors in 3D, suggested that the Fourier
power spectrum of the neutrino event rate expected from
a Galactic burst will show a sharp peak corresponding
to the SASI frequency [9, 32]. Conversely, when the pre-
explosion dynamics is dominated by convection [37], only
high-frequency modulations will appear [9, 32].
Grasping the effects of SN rotation on neutrinos is also
important because rotation may affect the flavor conver-
sions in the SN envelope [28]. Also, the self-sustained
lepton asymmetry (LESA), a hydrodynamical instability
fostered by neutrinos [38], is damped by progenitor rota-
tion [7] with yet unclear consequences. Previous work
on neutrino signatures of the progenitor rotation was
limited by octant symmetry and approximated neutrino
transport [39]. Recently, a neutrino light-house effect
was found due to the T/|W| instability facilitated by ex-
tremely rapid core rotation, much faster than considered
here [40].
In this paper, we show that SN neutrinos might serve
as stellar gyroscopes by carrying characteristic imprints
of progenitor rotation. We compare the neutrino prop-
erties of three self-consistent 3D hydrodynamical simu-
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2lations of a 15M SN published by [10]; a non-rotating
model, and two models rotating at different velocities
compatible with observations. Distinctive features due
to rotation are observable in neutrinos for Galactic SNe,
especially if the observer is located in the proximity of
the SASI plane.
II. DYNAMICS OF ROTATING SUPERNOVA
MODELS
The hydrodynamical simulations of the 15M SN pro-
genitor [10] were carried out on an axis-free Yin-Yang
grid [41] with 2 degrees (4 degrees) angular resolution for
the rotating (non-rotating) models. For all models, the
Prometheus-Vertex code with a three-flavor, energy
dependent and ray-by-ray-plus neutrino transport with
state-of-the-art modeling of the microphysics was used.
The nuclear equation of state of Lattimer and Swesty [42]
was applied with a nuclear incompressibility of 220 MeV.
The “non-rotating model” shows a dynamical be-
havior similar to other 3D simulations of non-rotating
SNe [9, 38, 43]. A strong SASI spiral mode kicks in
at ∼150 ms post-bounce and lasts until 250 ms to de-
cay in response to the shock expansion after the in-
fall of the Si/SiO interface. SASI motions are largely
confined to a well defined plane. Correspondingly, the
neutrino emission properties show large-amplitude quasi-
sinusoidal time modulations in the proximity of the SASI
plane and reduced modulations otherwise [32].
The “slowly rotating model” uses the initial angu-
lar velocity profile obtained in stellar evolution calcu-
lations [3], which include angular momentum transport
by magnetic fields. It has an angular momentum of
∼6 × 1013 cm2 s−1 at the Si/Si-O interface and a spin
period of 6000 s, leading to a neutron star (NS) with spin
period of ∼11 ms, if angular momentum is conserved dur-
ing collapse. This model exhibits a smaller shock radius
than the non-rotating one [10], but a stronger interplay
between SASI and convection. This is reflected in the
neutrino properties that are comparable to the ones of
the non-rotating model in magnitude, but display broad-
ened SASI modulations of smaller amplitude superposed
on modulations of higher frequency due to convection.
The “fast rotating model” is the only model which suc-
cessfully explodes. It relies on a pre-collapse rotation
profile from [44–46] with a specific angular momentum
of ∼2× 1016 cm2 s−1 at the Si/Si-O interface, i.e., a spin
period of 20 s (corresponding to ∼1–2 ms of the NS for
conserved angular momentum). Notably, the fast rota-
tion favors the growth of an early and strong SASI spiral
mode [47–49] in a plane perpendicular to the rotation
axis, triggering a successful explosion at ∼200 ms post
bounce when the infalling Si/Si-O interface reaches the
shock wave [10]. SASI motions drive the shock to large
radii in the proximity of the SASI plane leading to an
oblate deformation. Because the shock is pushed out-
wards, the volume of the gain layer increases, thus per-
mitting higher neutrino heating and facilitating the ex-
plosion. The increased rotational speed is responsible for
neutrino luminosities and mean energies lower than in the
other two SN cases because of a reduced mass flow to the
proto-NS and lower neutrinospheric temperatures [10].
The post-explosion dynamics of the fast rotating model
are characterized by long-lasting, unsteady massive polar
accretion downflows, whose corresponding neutrino emis-
sion dominates at the poles. Since matter flows around
the NS while radiating neutrinos, the neutrino modula-
tions by polar accretion are visible from all directions.
The neutrino emission properties were extracted at
500 km and mapped from the Yin-Yang grid onto a reg-
ular spherical grid. They were projected to how they
would be seen by distant observers located at chosen an-
gular coordinates [38, 50]. The neutrino energy distribu-
tions were then assumed non-thermal [51, 52].
III. DETECTABLE MODULATIONS OF THE
NEUTRINO SIGNAL
The neutrino telescope currently providing the largest
event statistics is the IceCube Neutrino Observatory [53].
The main neutrino detection channel is inverse beta de-
cay (ν¯e + p → n + e+) [54]. IceCube has 5160 op-
tical modules; each module has a background rate of
286 Hz including dead time effects. Hence, the total
background rate is Rbkgd ' 1.48 × 103 ms−1. Notably,
the 1σ random fluctuations on the signal will be on aver-
age
√
1.48× 103 ms−1 = 38.5 ms−1, which is lower than
neutrino-signal modulations of O(100 ms−1) for a Galac-
tic SN. Modulations of the neutrino signal due to the
SN pre-explosion dynamics will therefore be detectable.
The neutrino signal observable by IceCube has been es-
timated following [38, 53], with an effective correction
term which takes into account detection channels other
than inverse beta decay, and using the inverse beta decay
cross section as presented in [55]. For more details, we
refer the interested reader to Refs. [32, 38, 53].
Neutrinos change their flavor as they propagate in the
SN envelope [28]. The exact flavor composition reaching
the observer is unclear, especially given the most recent
developments, see e.g. [56–59]. In view of these uncer-
tainties, we will neglect flavor conversions and rely on
two extreme scenarios; one where a complete flavor con-
version of ν¯e in ν¯x (with x being µ or τ) occurs, and one
case where ν¯e do not oscillate and are left unchanged.
Any other scenario will fall between the two extremes.
The event rates for the three investigated 15M SN
progenitors are displayed in the top panel of Fig. 1. The
event rate for the non-rotating SN model, for a distant
observer located in the proximity of the SASI plane, ex-
hibits clear modulations due to the SASI spiral motions,
similar to what was found for 27 and 20M models
in [32, 38]. Both scenarios of full (or absence of) fla-
vor conversion reveal quasi-periodic modulations of the
signal. The neutrino event rate of the slowly rotating SN
3FIG. 1. IceCube detection rate for the three 15M SN cases
placed at 10 kpc from the observer. Upper panel: Event rate
for the non-rotating, slowly and fast rotating progenitors. The
observer direction is chosen in favor of strong signal modula-
tions. Two scenarios for flavor conversions (ν¯e for no flavor
conversion and ν¯x for complete flavor conversion) are shown.
Bottom panel: ν¯e event rate for the fast rotating SN for an
observer located along the SN rotation axis and on a plane
perpendicular to it.
model is on average comparable to the one of the non-
rotating progenitor, given that both models do not ex-
plode. It still shows modulations due to SASI, but these
are smeared and weakened by rotation and convection.
In the rapidly rotating progenitor, the average event
rate is lower than in the other two cases because of the
lower energy budget radiated in neutrinos due to the
quenched accretion by the onset of the explosion. The
neutrino signal clearly reflects the unsteady downflow
dynamics and does not exhibit any clean SASI modu-
lation. To better illustrate these characteristic features,
Fig. 2 shows, on a Mollweide map of observer directions,
snapshots at different times of the amplitude of the ν¯e
IceCube event rate R, normalized by its 4pi average 〈R〉:
[(R−〈R〉)/〈R〉]. The downflows are visible by the relative
event rate along the rotation axis being higher than in
the perpendicular plane. This is further illustrated in the
bottom panel of Fig. 1, where the neutrino event rates
seen along the polar directions and in the perpendicular
plane exhibit similar modulation patterns, and the over-
all event rate is higher along the rotation axis. Movies of
the time-evolution of the event rate for the three studied
cases are also provided as supplementary material.
Event
FIG. 2. Directional variations of the normalized ν¯e IceCube
rate, [(R − 〈R〉)/〈R〉], for the fast rotating 15M SN pro-
genitor on a map of observer directions at three post-bounce
times.
We focus on IceCube for its large event statistics.
However, Hyper-Kamiokande [60] could provide simi-
lar information with lower statistics, but guaranteeing a
background-free signal that will be competitive for SNe at
large distances [32]. Notably, a combined reconstruction
of the neutrino light-curve observed by IceCube, Hyper-
Kamiokande, and possibly DUNE [61] would be optimal
to better pinpoint the features described above.
It is worth noticing that Hyper-Kamiokande will pro-
vide energy information, in addition to details on the
temporal evolution of the neutrino signal. However, in
the following, we will focus on the analysis of the neu-
trino event rate only. In fact, we found that although
the neutrino energy spectra may give us hints on the
progenitor rotation as they are more pinched for the fast
4rotating progenitor than for the slow and non-rotating
15M, such a trend is degenerate with the progenitor
mass [62]. The neutrino energy spectra therefore cannot
help us in discriminating the SN progenitor rotation.
IV. FOURIER ANALYSIS OF NEUTRINO
EVENT RATE
In this Section, after pinpointing the directions along
which the observer should be located to detect the largest
modulations of the neutrino signal, we present a Fourier
decomposition of the neutrino event rate detectable in
IceCube. We employ spectrograms of the neutrino signal
for the rotating and non-rotating progenitors and high-
light the features characteristic of rotation. We then in-
vestigate the Fourier power spectrum in the time window
with the largest modulations of the neutrino signal, and
further identify detectable traits of rotation.
A. Time evolution of the neutrino event rate
In order to pinpoint the directions of strongest and
weakest variation of the neutrino event rate, we intro-
duce for each angular location of the observer the time-
dependent standard deviation of the IceCube event rate
relative to the average of the expected rate over all
possible observer directions (〈R〉): σ2 = ∫ t2
t1
dt[(R −
〈R〉)/〈R〉]2 [9].
Figure 3 shows Molleweide maps of σ for the three
15M progenitors first presented in this work. The re-
gions with the largest (smallest) rate variations of the
neutrino signal relative to the average rate are the ones
displaying the hottest (coldest) regions on the maps, cor-
responding to the red-yellow (green-blue) colors. In or-
der to facilitate a comparison between rotating and non-
rotating models, we also include the three non-rotating
progenitors investigated in Refs. [9, 32, 38] with masses
of 11.2, 20, and 27M. The 27M progenitor has two
SASI episodes (in [120, 250] ms and [410, 540] ms)
with a convection-dominated phase in between, while
the 20 M model has only one strong SASI episode (in
[150, 330] ms), and the 11.2M is clearly convection-
dominated [9, 32, 38]. As discussed in Ref. [9] and vis-
ible from Fig. 3, the SASI modulations of the neutrino
signal are stronger in the proximity of the SASI plane.
Among all studied progenitors, the 20M SN model has
the strongest SASI activity. A quadrupolar pattern of the
standard deviation is caused by the dipolar asymmetry of
the ν¯e emission associated with the LESA instability [38]
in the 11.2M SN progenitor; the LESA dipole direction
is located in the upper right red region in the map.
The two rotating progenitors (shown in the bottom
of Fig. 3) exhibit the smallest σ variations, indicating
weaker SASI modulations in rotating models compared
to the non-rotating ones. The maxima in the map of the
slow rotating model correspond to the directions with
the largest long-time variability of the signal, and as will
be evident from Fig. 6, these directions do not coincide
with the ones with the strongest SASI modulations. This
is because the SASI modulations in this model are rela-
tively weak, and σ is dominated by other time-dependent
variations. Interestingly, the fast rotating model shows
a clear quadrupolar structure along the equatorial plane,
perpendicular to the rotation axis. This is a consequence
of spiral-SASI modulations of accretion flow in the equa-
torial plane. The unsteady polar downflows discussed in
Sec. III are responsible for the hottest regions at the poles
(see also Fig. 2).
The neutrino event rates for a SN at 10 kpc from the
observer are shown underneath each Molleweide map in
Fig. 3, in order to better illustrate the differences in mod-
ulations seen by observers located at different angular
directions. The selected directions are marked on the
maps with a circle, a star, and a square, corresponding
to the directions of “strong”, “intermediate”, and “weak”
modulations of the signal, respectively. The “strong”
(“weak”) directions have been chosen by locating the
maximum (minimum) of σ on each map.
B. Spectrograms of the neutrino event rate
In order to investigate whether rotation induces modu-
lations in the neutrino signal throughout the duration of
the SN simulation, we compute the Short Time Fourier
Transform of the neutrino event rate. We follow Ref. [30]
with a Hann window function minimizing the edge ef-
fects. The Fourier decomposition is computed in a run-
ning window of width τ = 50 ms, which slides through
the signal in steps of 1 ms. The spacing of the discrete
Fourier frequencies is δf = 1/τ = 20 Hz.
Figure 4 shows the resulting spectrograms of the ν¯e
IceCube event rate for the non-rotating models in the
three observer directions selected in Fig. 3. The direc-
tions with strong, intermediate and weak signal modula-
tions are shown from left to right respectively. Each spec-
trogram has been normalized to the maximum Fourier
power along that selected observer direction for the con-
sidered SN model.
Due to the SASI activity, the spectrograms of the
27, 20, and 15M models show hot regions around 75−
100 Hz during the time interval of the SASI. Interestingly,
even in the direction with the weakest signal modula-
tion, signatures of SASI can be identified as modulations
around 150−200 Hz (i.e., at frequencies about two times
higher than the typical SASI frequency) in the SASI time
window. This feature is not directly visible by looking at
the neutrino event rate, yet it is highlighted in the spec-
trograms. As the SASI activity is less dominant in the
direction of weak modulation, the spectrograms in this
direction also exhibit a wider spread in other frequencies.
As for the intermediate directions, the hot SASI re-
gions are still visible, although less pronounced than in
the spectrograms corresponding to strong signal modula-
5FIG. 3. Molleweide maps of the standard deviation of the IceCube ν¯e event rate, σ, integrated over the time interval [120,
250] ms for the 27, 11.2, and the three 15M SN models, and over [150, 330] ms for the 20M SN model. On each map,
three directions where strong, intermediate and weak modulations of the neutrino signal occur, are marked with a circle, a star
and a square, respectively. The corresponding event rates for a SN at 10 kpc, along each of the three selected directions, are
shown underneath each map without detector shot noise. The red, blue, and green curves correspond to the event rates along
the “strong”, “intermediate”, and “weak” directions, respectively. Vertical dotted lines indicate the boundaries of the time
intervals integrated over for each of the models. The rotating models show weaker signal modulations than the non-rotating
models. The fast-rotating model exhibits a quadrupolar pattern along the equatorial plane due to rotation.
6FIG. 4. Spectrograms of the ν¯e event rate observed in IceCube along the directions selected in Fig. 3 with strong, intermediate
and weak modulations of the signal (from left to right) for all non-rotating models (i.e., 27, 20, 11.2, and 15M from top to
bottom). The spectrogram power has been normalized to the maximum Fourier power along the selected observer direction,
and plotted on a log color scale. The SASI activity corresponds to the hottest regions in each spectrogram for the 27, 20 and
15M models. Convection is instead characterized by signal variations more uniformly spread over all frequencies above 50 Hz
in the 11.2M model.
tion. None of the spectrograms displays significant signal
modulations above 300 Hz. The 11.2M SN model, in
contrast to the other non-rotating models, is character-
ized fully by convection, which is visible in the spectro-
gram as low-amplitude power more uniformly distributed
over time through all frequencies up to 400− 500 Hz.
For comparison, Fig. 5 shows the spectrograms for the
slowly and fast rotating models along the three selected
observer directions. In contrast to the non-rotating pro-
genitors, the spectrograms of the rotating progenitors in
the strong-modulation direction show a wide spread in
frequencies other than the SASI frequency (see Figs. 1
7FIG. 5. Analogous to Fig. 4, but for the two rotating progenitors (i.e, 15M slowly rotating on the top and 15M fast rotating
on the bottom). Because of rotation, the spectrograms for the “strong modulation” directions show activity above 200 Hz and
not limited to time intervals where SASI occurs.
and Fig. 3). This may be an illustration of a more intri-
cate interplay between SASI and convection due to ro-
tation, as will be further discussed in the next section.
Along the “strong” direction, the spectrograms show sig-
nificant activity above 200 Hz, not present in the corre-
sponding direction for the non-rotating progenitors. Al-
though this feature signals rotation, it might be hard to
identify it unambiguously because of degeneracies with
the signatures seen by observers located away from the
SASI plane for non-rotating progenitors (see, e.g., the
spectrogram of the weak direction of the 20M in Fig. 4).
To overcome this challenge in using the neutrino signal
to identify rotation, other detectable features must be
employed and combined with the spectrograms.
C. Fourier transform of neutrino event rate
To distinguish the time-integrated features, Fig. 6
shows the Fourier power spectra of the ν¯e IceCube event
rates for a SN at 5 kpc for all progenitor models along
the directions selected in Fig. 3. The power spectrum
has been computed over the time interval [120, 250] ms,
corresponding to δf = 1/τ ≈ 7.7 Hz, for the 27, 11.2,
and each 15M, and over [150, 330] ms, corresponding
to δf = 1/τ ≈ 5.5 Hz, for the 20M model.
While the 11.2M progenitor has a flat power spec-
trum as a result of convection and the absence of SASI
activity, the other three non-rotating models show a
main peak corresponding to the SASI frequency around
∼ 75 Hz for the 27 and 20M progenitors and ∼ 55 Hz
for the 15M progenitor. The difference in the SASI fre-
quencies is due to differences in the shock radii between
the progenitors, being related by fSASI ∝ R−3/2shock [32, 36].
The power of the SASI peak is progenitor dependent,
being highest for the 20M case, which, as also visi-
ble from Fig. 3, has the neutrino event rate with the
largest modulations. One can see from the insets in each
of the top panels of Fig. 6, that secondary peaks appear
at higher frequencies, and that these are multiples of the
SASI frequency. While the SASI peak will be clearly de-
tectable for a SN up to 20 kpc [9, 32], these secondary
peaks will only stand out over the background noise for
closer SNe, e.g. located at ∼5 kpc. As the observer moves
away from the SASI plane, the neutrino event rate is less
modulated (see Fig. 3) and, correspondingly, the SASI
peak shows less power.
The bottom panel of Fig. 6 displays the Fourier spectra
for the two 15M rotating progenitors. As previously
concluded from Figs. 1 and 3, rotation weakens the SASI
modulations in the neutrino event rate. This results in
SASI peaks with less power than in the case of the 15M
non-rotating progenitor.
SASI occurs at a higher frequency in the slowly rotat-
ing model (∼ 70 Hz) because the shock radius is smaller
than in the 15M non-rotating progenitor [10, 63], and
8FIG. 6. Power spectra of the ν¯e event rates observed in IceCube for a SN at 5 kpc, normalized to the average power of the
IceCube shot noise. The power spectrum has been computed over [120, 250] ms for the 27, 11.2, and each of the 15M models,
and over [150, 330] ms for the 20M model. Upper panels: Power spectra for the four non-rotating models (27, 20, 11.2, and
15M progenitors) along the directions selected in Fig. 3. In each panel, the inset shows the zoomed-in power spectrum in
order to highlight the peaks appearing at frequencies higher than the SASI frequency. A peak characteristic of the SASI activity
appears at ∼ 75 Hz for the 27 and 20M progenitors and at ∼ 55 Hz for the 15M progenitor. The insets show secondary
peaks corresponding to frequencies which are multiples of the SASI frequency. The 11.2M progenitor features a flat power
spectrum due to convection. Bottom panels: Fourier spectra for the two rotating models of 15M are shown. Both display a
SASI peak with a significantly lower power than in the cases of the non-rotating progenitors.
at a slightly lower frequency for the fast rotating model
(∼ 50 Hz), because of a larger shock radius (see also dis-
cussion in Sec. II), although the modulations of the neu-
trino event rates of the 15M fast rotating model do not
appear to depend strongly on the observer direction when
examining the plot in Fig. 1. The SASI-associated, quasi-
periodic variations are stronger (and visible as higher
SASI peaks in Fig. 6) in the “intermediate” and “weak”
directions. The reason is the fact that in the fast rotat-
ing model the “strong” direction is located at the poles,
whereas the other two observer directions are closer to
the equator, i.e. closer to the SASI plane.
The SASI peaks also appear to be broader for the ro-
tating models than for the non-rotating cases. This might
be determined by a stronger interplay between SASI and
convection fostered by rotation [47, 64]. We stress that
such a possibility is only a conjecture; a theoretical model
predicting the nonlinear consequences of rotation on the
coupling between buoyant motions and SASI is still miss-
ing and it should be subject of further dedicated work.
The power spectra of the rotating models also exhibit
higher-frequency peaks at∼ 140 Hz, ∼ 170 Hz (∼ 150 Hz,
∼ 200 Hz) for the slowly (fast) rotating model with rela-
tive heights compared to their respective main SASI peak
higher than in the non-rotating models. This is especially
visible in the fast rotating progenitor, where the higher
power of these high-frequency modulations is associated
with the neutrino-emission variations associated with the
massive, unsteady polar downflows, which dominate the
total radiated power in signal modulations (see Figs. 5
and 3). The difference in the relative heights between
peaks of different frequencies represents another signa-
ture of rotation detectable through neutrinos.
V. CONCLUSIONS
Sophisticated SN simulations in 3D of rotating progen-
itors show signatures in the neutrino signal due to SASI
and its interplay with convection and rotation. For the
first time, we present a method to identify the rotation
of the SN progenitor using neutrinos as gyroscopes, if the
9SN dynamics are dominated by SASI. We employ both
the spectrograms of the detectable neutrino event rate
and the Fourier power spectrum, and identify rotational
imprints in each.
For observers located close to the SASI plane, the spec-
trograms of the neutrino event rate, e.g. detectable in
IceCube, show modulations more uniformly spread over
frequencies (notably above 200 Hz for rapid rotation), in
contrast to the localized, strong, low-frequency modula-
tion due to SASI found in simulations of non-rotating
progenitors. Moreover, the Fourier power spectra of
the rotating models show secondary peaks at frequen-
cies higher than the SASI one, whose relative heights
compared to the main SASI peak are larger than in
the non-rotating progenitors. These characteristic fea-
tures in the Fourier spectra will be detectable for SNe
at ∼ 5 kpc, while the variations in the spectrogram will
be detectable even for SN at larger distances, but still
within our Galaxy. However, degeneracies may be ob-
served in the case of fast rotating progenitors and pro-
genitors whose main dynamical activity is convection; in
this case, multi-messenger observations may aid the dis-
crimination of the rotational properties of the progenitor.
We forecast the neutrino event rate for the IceCube
Observatory because of the best statistics. Nevertheless,
signatures due to the progenitor rotation could be de-
tectable for SNe located throughout our Galaxy by com-
bining the event rates observed in multiple upcoming
neutrino detectors, such as Hyper-Kamiokande and pos-
sibly DUNE.
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